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Purpose of Memo 

This memo provides a summary of the applicability and operation of the GIS model, criticality 
analysis methodology, the inputs it requires and the outputs it generates, and a vulnerability flood 
score for the County roadways. Furthermore, this tech memo will describe the process and 
present the results of the projected water level analysis and development of inundation mapping. 

Project Intent and Description 

As part of the Monroe County (County) Roadway Vulnerability Analysis and Capital project, the 
roadways maintained by the County will be evaluated to develop a long-term roads adaptation 
plan based on design criteria, Sea Level Rise (SLR) projections, adaptation methodology, 
policy/financing evaluation, and public/stakeholder outreach. The primary objective of the project 
is to analyze the impacts of current and projected levels of SLR on all County maintained roads 
and to develop an implementation plan and timeline to adapt roads for SLR. The results will be 
used to determine new policy considerations and design criteria for what acceptable levels of 
service should be. 

Design Approach 

Projected Water Level Modeling 

The Mean Sea Level (MSL) and Mean Higher High Water (MHHW) was reviewed at the 3 NOAA 
Gauges and recommended to proceed with the use of the Naples Gauge for consistency with the 
rest of the data as it also provides a more conservative approach considering the difference 
between all three gauges. It yielded a MSL of -0.62’ and MHHW 0.60’ (NAVD88). These existing 
water levels have been used in combination with SLR Projections and King Tide Predictions to 
evaluate the different projected water level scenarios in relation to the existing road surface 
elevations. This evaluation has yielded where the “Problem” of flooding is and/or will occur and 
the rate that it is anticipated to continue based on the corresponding scenarios. A flood 
assessment has been conducted for the following time periods 2025, 2030, 2035, 2040, 2045, 
2060, and 2100 as well as for the low and high boundary consisting of the IPCC Median and the 
NOAA 2017 Intermediate-high.  

In accordance with the SLR Projection Technical Memorandum, the recommended SLR 
projections for Monroe County, FL are presented in Table 1. 

Table 1 
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In accordance with the King Tide Prediction Technical Memorandum, the recommended SLR 
projections with added King Tides and normal wind setup for Monroe County, FL are presented 
in Table 2. 

Table 2 

 

The Unified Sea Level Rise Projection SE Florida (Guidance Report) developed for the SE FL 
Regional Climate Change Compact 2019 Projections, indicates that for a project that has a short 
term planning horizon (2070) and is not considered as a small risk project whose failure would 
result in limited consequences to others, is to use the NOAA 2017 Intermediate-High SLR 
projection.  The Guidance report also states that the “IPCC median curve represents the most 
likely average sea level before 2070, but is not representative of realistic interannual and 
interdacadal variations that will occur with SLR.”  

Inundation Mapping 

Modeling comparing the projected water elevations against the existing roadway surface 
elevations was conducted for the NOAA 2017 Intermediate-High SLR projections and 
corresponding King Tide Predictions for 2025, 2030, 2035, 2040, 2045, 2060, and 2100, 
respectively. The publicly available Lidar from the South Florida Water Management District that 
captures the limits beyond the roadway public right-of-way was also included in the inundation 
mapping to depict low lying areas adjacent to the roadway.   

The color legend in Figure 1 was included to depict the elevation difference between the projected 
water level and the existing ground elevation. The negative value represents a situation where 
the projected water level is higher than the existing ground elevation. The positive 6 inches depicts 
the areas in which the projected water table is just below the ground surface, representing an 
area that may potentially become vulnerable to flooding in the future. Anything greater than a 
water depth of 3 feet is being depicted in red color. The maximum projected water elevation depth 
varies depending on water projection selected, location, and analysis year.  For the year 2100, 
the flooding water depths are expected to be greater than 10 feet.    
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Figure 1 

 

A GIS data base for the inundation plans has been created, it enables the selection of a specific 
area, time period, and projected water level. Providing a digital data base platform facilitates 
navigation through the County Maintained roads as well as eliminates the need physically print 
and file plans. 

A map scale of 1”=200’ is being used for a total number of 1,935 map sheets that includes all 
County maintained roadways.  Maps will be available on a 24” x 26” paper size for which a Plan 
Sheet Layout for the Lower, Middle, and Upper Keys will be available.  Upon selection of a specific 
map on the Plan Sheet Layout the corresponding MAP PDF file will be opened for use. 

A PDF database of all the 1,935 maps will be provided to the County. Figure 2 Shows the Upper 
Keys Inundation Map Series. 

Figure 2 
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Vulnerability and Criticality Assessments 

Developed a GIS-based Vulnerability Assessment model to identify and prioritize the County’s 
roadways at risk for adverse impacts due to climate change. The model was developed in the 
Spatial Modelbuilder environment of Desktop ArcGIS 10.6.1 using the raster overlay tools in the 
Spatial Analyst extension. Although Vulnerability Analysis was ran and is available for all analysis 
years, the design year or specific planning horizon of 2045 was selected and output list included 
as an attachment in this technical memorandum.   

The Vulnerability assessment consisted on a 2-tier process that first evaluated the vulnerability 
or at-risk of the roadway segments and then using the GIS model evaluated the criticality of the 
roadways affected based on a variety of engineering, environmental, cultural and emergency 
response factors and assigned a Vulnerability score to each segment to be used in the criticality 
and prioritization phase of the project. The first steps evaluated the vulnerability or at-risk of the 
roadway segments and then using a GIS model evaluated the vulnerability of the roadways based 
on 5 assessment factors. Each factor was assigned a weight in the GIS model that could be 
adjusted to reflect their relative importance as determined following coordination with the County. 
The output from this model is the Vulnerability Score for each roadway, to be used as one of the 
9 factors in the Criticality Assessment. The higher vulnerability score corresponds to a greater 
vulnerability of a specific roadway segment. The vulnerability analysis evaluates those elements 
that directly affect the structural integrity of the roadway. 

The Vulnerability Assessment – Used GIS to create a model that would evaluate each of the 
factors listed on the Vulnerability tab of the XLSX spreadsheet. Every road segment was rated on 
a scale from 1 – 5 according to those criteria, where 5 = most vulnerable to SLR and 1 = least 
vulnerable. Those road segments were then subjected to the Criticality Assessment and 
Prioritization exercise, which are detailed in the Prioritization Technical Memorandum. 
Considering that the weighting is subjective, it was an option to rate all the factors equally or treat 
some factors as more influential than others. A “baseline” analysis in which all factors are treated 
equally was developed. The adjustment of the weights enables to a better and more accurate 
distribution. A detailed description of this process is described hereafter.  

VULNERABILITY ASSESSMENT 

The Vulnerability Assessment determined the extent to which each asset was at risk from new 
conditions arising from climate change. The following steps occurred during the Vulnerability 
Assessment: 

1. The list of vulnerability factors may differ based on the geographic location of the 
community. For the coastal area of the MCRVS project the following vulnerability factors 
were identified: 

a. Roadway Groundwater Clearance 

b. Roadway Surface Inundation Depth 

c. Roadway Inundation Due to Storm Surge 
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d. Roadway Surface Wave Impact Potential 

e. Roadway Existing Pavement Condition 

2. Determine Future Year Conditions – Hydrological modeling or other appropriate tools 
were used to forecast the physical conditions that would be extant for each Future Year 
(FY) Scenario. For the MCRVS project, these factors included: 

a. Projected Sea Level Rise- The elevation of the future sea level stand with 
respect to an established vertical datum (e.g., NAVD 1988) was determined for 
each FY Scenario. For the MCRVS, four different SLR projections were prepared 
based on different assumptions: 

i. IPCC Median SLR, Without King Tide 

ii. NOAA 2017 Intermediate-High SLR, Without King Tide 

iii. IPCC Median SLR, With King Tide 

iv. NOAA 2017 Intermediate-High SLR, With King Tide 

b. Projected Storm Surge Elevations – The elevation of flooding associated with 
tropical cyclones (e.g., hurricanes) from NOAA SLOSH model data was obtained. 
The flood elevation was provided for each storm Category 1 – 5. For MCRVS the 
storm surge elevation was not adjusted to account for future SLR, but was based 
on the existing sea level stand. Consequently, this factor was constant for all 
scenario Years.  

c. Projected Wave Impact – In coastal areas, wave action driven by onshore winds 
can severely damage buildings and infrastructure. For a given storm surge 
scenario, parts of the landscape with direct exposure to wind-driven waves will 
be more severely impacted than areas that are sheltered by intervening buildings 
or vegetation. The Wave Impact Score for the landscape can be classified on a 
scale of 1 (Very Low Impact) to 5 (Very High Impact).For the MCRVS project the 
Wave Impact Score was determined based on exposure to oceanic wave action 
under the current sea level stand and was not adjusted for SLR.  Like the Storm 
Surge factor, this factor was constant for all scenario Years.  

3. Rank Landscape Vulnerability for Each Factor - Using GIS, the study area landscape 
was ranked from a score of 1 (Very Low Vulnerability) to 5 (Very High Vulnerability) for 
each of the Vulnerability Factors. In summary: 

a. Roadway Groundwater Clearance – GIS was used to calculate the difference 
between the base of roadways and the future groundwater elevation. For 
MCRVS the future groundwater elevation was assumed to be equivalent to the 
projected SLR elevation given the small size and geological permeability of the 
islands in the Florida Keys. The groundwater clearance was classified into five 
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classes using a quintile classifier to rate the vulnerability of roads from Very Low 
(1) to Very High (5).   

b. Roadway Surface Inundation Depth –GIS was used to calculate the difference 
between the LIDAR ground surface elevation along the roadways and the future 
sea level rise elevation. Areas with a positive difference were above the average 
sea level surface and areas with a negative difference were below the projected 
sea level elevation. The surface inundation was classified into five classes using 
a quintile classifier to rate the vulnerability of roads from Very Low (1) to Very 
High (5).   

c. Roadway Inundation Due to Storm Surge - Using GIS, the entire landscape 
surface was classified according to its forecast storm surge elevation as follows, 
then the roadway surface was extracted: 

i. Class 5 –The LIDAR land surface was used to identify the land area at or 
below the elevation of the Category 1 flooding elevation. This area will be 
the most frequently affected by tropical cyclones, so it was assigned the 
highest vulnerability score (Class 5, Very High Vulnerability).  

ii. Class 4 – Land area above the Category 1 flooding elevation and at or 
below the flood elevation for Category 2 storms was assigned to this 
class. 

iii. Class 3 – The land area between the Category 2 and Category 3 flood 
elevations was assigned to Class 3.  

iv. Class 2 – The land area between the Category 3 and Category 4 flood 
elevations was assigned to Class 2.  

v. Class 1 – The land area above the most landward extent of the Category 
4 flood elevation included both the area potentially inundated by Category 
5 storms and also areas that are not inundated by any storm. These 
areas are the least often affected by storm surge, so they were rated as 
Class 1, Very Low Vulnerability.  

d. Roadway Surface Wave Impact Potential – The Wave Impact Score layer was 
overlaid over the LIDAR land surface in GIS, then extracted to the roadway limits. 
Roadways were classified on their susceptibility to wave impacts from Class 1 
(Very Low Vulnerability) to Class 5 (Very High Vulnerability).  

e. Roadway Existing Pavement Condition – A Pavement Condition Inventory (PCI) 
was conducted on all MCRVS roadways in 2019. The PCI score was broken into 
five classes based on industry-accepted values for Very Good Condition to Very 
Poor Condition. Roadways in Very Good condition were presumed to be less 
vulnerable to degradation by SLR related impacts and were assigned to Class 1 
(Very Low Vulnerability), while roadways with Very Poor condition in 2019 were 
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presumed to be most vulnerable to future SLR impacts and were assigned to 
Class 5 (Very High Vulnerability).  

4. Calculate Combined Vulnerability Rank – The ArcGIS Weighted Overlay tool computed 
the Vulnerability Rank for each raster cell on the roadway surface based on the values of 
the various Vulnerability Factors.  

a. Vulnerability Rank Calculation - The Vulnerability Rank was the product of each 
individual Vulnerability Factor rank (on a scale of 1 to 5) multiplied by its Factor 
Weight. Figure 3 shows the Spatial Modelbuilder model used to calculate the 
Vulnerability Rank for each Year for Scenario B. A similar model was configured 
for all other SLR Scenarios.  

Figure 3 

Calculation of combined Vulnerability Score using the Weighted Overlay tool in ArcGIS Spatial 
Modelbuilder.

 

b. Weighted Overlay vs. Weighted Sum Tool - The output of the Weighted Overlay 
tool was a discrete (i.e., integer value) raster ranging in values from 1 to 5. 
Alternatively, the ArcGIS Weighted Sum tool could be used in place of the 
Weighted Overlay. Entering the weights for each Vulnerability Factor was more 
tedious using the Weighted Sum tool, but it produced continuous (i.e., floating 
point) rasters, which may be advantageous for discriminating between areas that 
have relatively small differences in the final output Vulnerability Score that would 
be lost by the rounding to the nearest integer value.  

c. Weight Adjustments – The Vulnerability Assessment model was initially run with 
equivalent weight given to each Vulnerability Factor (baseline analysis) and the 
resulting Vulnerability Rank for each road segment was compared against areas 
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of observed King Tide flooding. Weights were adjusted until the Vulnerability 
Rank more closely conformed to the known at-risk roadways in the County.  

The baseline analysis was designated as the “First Run” (V00) of the Criticality 
Analysis, with all factors having an equal weight of 20%. Analysis of this first run, 
made it evident that giving equal weight to all the factors was not an accurate 
representation of the true vulnerability of some roadway segments. Second (V01) 
and third (V02) runs were then conducted, with a different weight distribution for 
each of the factors, in each run, as can be seen in Table 3. 

Table 3 

 

Run V01 placed emphasis on inundation factors, including storm surge for the weight distribution 
among the vulnerability factors, while run V02 weight distribution was based on emphasis on SLR 
factors. Ultimately it was decided that V02 was the best weight distribution for the Vulnerability 
Analysis and Vulnerability Score. Table 4 outlines the Modeling results comparisons for all three 
model runs including the number of most vulnerable segments, miles of roadway, and number of 
residential units.  

  




